For the two sixth-order polynomials a(. ) and b ( s ) , the Hurwita stability of their convex combination is necessary and sufficient for the existence of a polynomial c ( s ) such that c ( s ) / a ( s ) and c ( s ) / b ( s ) are both strictly positive real. Then, this result is generalized to polynomial segments of arbitrary order. The provided method is constructive, and is insightful and helpful in solving the general robust strictly positive real synthesis problem.
Introduction
The strict positive realness (SPR) of transfer functions is an important performance specification, and plays a critical role in various fields such as absolute stability/hyperstability theory [12, 171, passivity analysis (91, quadratic optimal control [2] and adaptive system theory [13] . In recent years, stimulated by the parametrization method in robust stability analysis [3, 51, the study of robust strictly positive real systems has received much attention, and great progress has been made 11, In this paper, P" stands for the set of n-th order poly-, nomials of s with real coefficients, R stands for the field of real numbers, a ( p ) stands for the order of polyne mial p ( . ) , and H" c Pn stands for the set of n-th order Hurwitz stable polynomials with real coefficients. 
and this ellipse is tangent with the line and the line
Proof Since a(s) is Hunvitz stable, Lemma 2 is proved by a direct calculation.
Lemma 3 Suppose s6 + a1s5 + a2s4 + ass3 + a 4 2 + a5s+a,j E H 6 , then the following quadratic curve is an ellipse in the first quadrant of the x-y-t-p space:
and this ellipse is tangent with the line
and the line
Proof Since a(s) is Hurwitz stable, Lemma 3 is proved by
For notational simplicity, denote Proof suppose (r,y,z,p) E R" n Rb, let c(s) := s5 + (2--c)94 + ys3 + zsz + ps + E , E > 0, E sufficiently small.
%3 :={ ( X , y , t , P ) I ( b 6 X + b 4 t -~b s~-b 5~)~ -4(b5
In order to prove that Vw E R,Re [-] > 0, let t = w 2 , we only need to prove that, for any E > O , E sufficiently small, the following polynomial J l ( t ) satisfies
J i ( t ) := t [ ( a l -r ) t 4 + ( a 2 r + 2 --o l y -a 3 ) t 3 + ( a g
Since (r,y,z,p) E R', by the definition of Ra, it is easy to know
Moreover, we obviously have fI(0) > 0, and for any E > 0, when t is a sufficiently large or sufficiently small positive number, we have Ji(t) > 0, namely, there exist 0 < tl < t z such that, for all
~> O , t E [ O , t i ] U [ t~, C~~) , w e h a v e f i ( t ) > O .

Denote
M I = inf t g l ( t ) ,
tEltl.t2l
It5 --z t 4 +(a4 -l ) t 3 + (-a6 +az)t2 -a r t + a~l . 
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Thus, by choosing 0 < E < mi"{- Apparently, when X changes continuously from 0 to 1, no* will change continuously from R" to Rb, R :
: will change continuously from RZ1 to C l~l , C l :~ will change continuously'from RZZ to atz, and R g will change continuously from Rz3 to Now assume a ' ' n nb = 6, by the definitions of nP and ab, 
' , 1 is tangent with R:, . for a direct Since w = -uz),r = -U calculation, we have 
The statement is obviously true for the cases when n = 1 or n = 2. We will prove it for the case when n 2 3.
Similar to Theorem 1, since SPR transfer functions enjoy convexity property, by Property 1 , we get the necessary part of the theorem.
To prove sufficiency, we need also to introduce some lemmas first. Lemmas 1, 2 , and 3 can be summarized and generalized as follows.
L e m m a 7 Suppose a(. ) = s" + ais"-' + ' . + a, E H", then, for every k E { 1 , 2 , . . . , n -Z}, the following quadratic curve is an ellipse in the first quadrant (i.e., zi 2 0 , i = 1 , 2 , . . . , n -1) of the R"-' space (Z1,22, ' ' ' ,zn-1): The following lemma plays an important role in proving Theorem 2, we will present its proof in details. VAh, E R z t , i E {l, 2 , . . . ,n -2}}
Apparently, when X changes continuously from 0 to 1, R' * will change continuously from Ra to Rb, and R q will change continuously from RZk to Now assume R' n Rb = q5> by the definitions of 0' ' and Rb a i d Lemma 7, 3ul > 0, u2 > 0,ul # a l , u~ # b l , and 3k E {1,2, .. . ,n -2}, such that the following hyperplane L in theR"-' space(zi,xz, ..., ~" -1 ) 1 n -1 ) E u~~~5 < j 5 , , -2 ( A~i , A i j ) ,
separates R' and Rb, meanwhile, L is tangent with Rz,,
, . , Rz(n-2) and Rfi simultaneously (or tangent with R t l , R i 2 , . , . ,R:(n-2) and R% simultaneously).
Without loss of generality, suppose that L is tangent with Rzl, Rz2,. . . where ahs : =a, +X(b, -a,),% = 1,bo = 1,i = 0 , 1 , 2 , . . ..n. (7) and ( 4 
Conclusions
We have constructively proved that, for the two sixthorder polynomials a ( s ) and b(s), the Hurwitz stability of their convex combination is necessary and st&-cient for the existence of a polynomial c(s) such that c ( s ) / a ( s ) and c(s)/b(s) are b o t h 
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